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Acronyms and Symbols: 
BA - Boronic Add, 

BAF and BAFs - Boronic add containing fluorophore/s 

BAQ - N-(Benzyl)-6-aminoquinolinlum 

BAQBA - N-(2-Boronobenzyi)-6-aminoqulnoiinium bromide 

Ksv- Stem-Volmer quenching constant 

LD - Laser Diode 

LED - Light Emitting Diode 

TCSPC - Time-Correlated Single Photon Counting 

1. Introduction 

It is considered that cyanide is one of the most lethal poisons krmm [1-10]. 
The mechanism of toxicity for (^anide is by absorption. Absorption occurs 
through the lungs. Gl track and skin. Cyanide is highly toxic because tt Inhibits 
oxygen utilization by cells, binding with ferric iron in cytochrome oxidase, 
blocking the oxidative process of cells. As such the tissues with the highest 
oxygen requirement (brain, heart and lungs) are the most affected by acute 
poisoning. However, cyanide poisoning is not common, but can occur from 
smoke inhalation from residential and Industrial fires, and in people who work in 
the metal, mining, electroplating, jewelry manufacture and in the x-ray film 
recovery trades [1-14]. 

Numerous chemical and ph^ochemical methods for the detectbn and 
determination of (^anides, such as potentiometric, chromatographic, 
spectrophotmetric. flow injection and eiedrochemical analysis are used [1-12], 
but only potentiometric determination has been reported as offering continuous 
cyanide monitoring [13]. Blood cyanide levels for healthy persons have been 
reported as being » 0.3 using a gas chromatography method [14], with lethal 
cyanide blood levels for fire victims in the cyanide concentration range 23-26 jxM 
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[14,15], approximately 100 times higher than normal blood levels [14]. As such, - 
there is a requirement for simple, cheap and fast technologies to both detect and 
determine cyanide levels up to lethal concentrations. < 20 ^xM. 

It is widely accepted that ratiometric or lifetime based methods offer 
intrinsic advantages for both chemical and biomedical fluorescence sensing 
[16,17]. Fluorescence intensity measurements are typically unreliable away from 
the laboratory and can require frequent calibration/s due to a variety of chemical, 
optical or other instrumental related factors. Unfortunately, while fluorescent 
probes are known to be useful for many applications such as in fluorescence 
microscopy, fluorescence sensing and DMA technology, most sensing 
fluorophores only display changes in intensity in response to analytes and hence 
relatively few wavelength ratiometric probes are available today [16,17]. Some 
useftil wavelength ratiometric probes are available for pH, Ca^^ and Mg^^ [18,19], 
but the probes for Na^ and IC generally display small spectral shifts and 
negligible lifetime changes and are subsequently inadequate for quantitive 
sensing measurements [17]. 

In this paper we characterize a range of new boronic add containing 
fluorophores, Figure 1 (BAFs), which show both spectral shifts and intensity 
changes for increasing cyanide concentrations, in a wavelength ratiometric 
manner, enabling cyanide to be sensed at physiological and lethal levels, < 20 
^M. In addition, the wavelength changes upon cyanide complexation with the 
new BAQBA probes, Figure 2, affords for a colorimetric response towards 
cyanide, changing from green, in the absence of cyanide, to coloriess by the 
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fmsence of as little as 10 CN'. Given the importance of sensing cyanide in a 
simple and accurate manner [1-10], we believe that these new probes may find 
applications in field deployable bio-warfare / terrorism type devices as well as In 

dinical laboratories. 

The origin of the cyanide response is due to the boronic acid group's 
ability to interact with bases such as CN', as shown in Figure 2, to form the 
tricyanide anion R-BCCN^s. which is an electron donating group, the extent of 
which b^ng dependent on the concentration of cyanide present. This in tum 
interacts with the electron deficient quatemary heterocyclic nitrogen center of the 
quinolinium backbone, affording for the wavelength shifts and intensity changes 
observed. Interestingly, by replacing the 6-amino group on the quinolinium 
backbone with less efficient electron donating groups, e.g. -OCH3. -CH3 etc, in 
essence making the nitrogen center relatively more electron deficient, then the 
emission bands at 450 and 546 nm are not observed in the presence of cyanide, 
eliminating the possibility of a ratiometric response. In contrast, a greater electron 
deficient nitrogen center, provides for a greater affinity for either 
monosaccharides or cyankJe, due to charge stabilization of the complexed form 
[20]. The synthesis of tiiese new probes and the effect of backbone substituents 
on the spectral properties of the BAQBA probes have been reported elsewhere 
[20]. 
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2. Experimental 

2.1 Materials 

All chemicals were purchased from Sigma. The preparation of the ortho, 
meta and para forms of BAQBA and BAQ, Figure 1 , has recently been reported 
by us [20]. 

2.2 Methods 

All solution absorption measurements were performed in a 4*1^1 cm 
quartz cuvette (Stama), using a Gary 50 Spectrophotometer from Varian. 
Fluorescence spectra were similarly collected on a Varian Eclipse 
spectrofluorometer with solution optical densities less than 0.2 and Xex = 358 nm. 

Stability (Ks - units jiM"^ or mol*^ dm^ for CN" and mM"^ or mol"' dm^ for 
glucose and fructose) and Dissociation constants (Ko) were obtained by fitting 
the titratk>n curves v^th aqueous sodium cyanide to the relation: 

1 + K^cyanide] 

where Imin and Imax are the initial (no cyanide) and final (plateau) fluorescence 
intensities of the titration curves, where K[p{MK$). 

Time-resolved intensity decays were measured using reverse start-stop 
time-con^elated single-photon counting (TCSPC) [16] with a Becker and Hickl 
gmbh 630 SPC PC card and an un-ampiifed MCP-PMT. Vertically polarized 
excitation at » 372 nm was obtained using a pulsed LED source (1 MHz 
repetition rate) and a dichroic sheet polarizer. The instnimental response function 
was » 1.1 ns Iwhm. The emission was collected at the magic angle (54.7^). using 
a long pass filter (Edmund Scientific), which cut off wavelengths below 380 nm. 
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The use of a pulsed 372 nm LED provided for excitation near-to the isobestic ^ 
point at 358 nm, Figure 3 Top. A 550 ± 10 nm interference filter was also used to 
study the long-wavelength emission band of the BAQBA probes. 



The intensity decays were analyzed in terms of the multi-exponential 



model: 



m^^aexpHlv) (2) 



where oi are the amplitudes and x\ the decay times, £ ai = 1 .0. The fractional 
contribution of each component to the steady-state intensity is given by: 

« = ^ (3) 

9 

I 

The mean lifetime of the exdted state is given by: 

r = (4) 

and the amplitude-weighted lifetime is given by: 

<r>=5^a?i» (5) 

i 

The values of oi and ti were determined by non-linear least squares impulse 
reconvolution with a goodness-of-fit x^r criterion [16]. 
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3. Results and Discussion 

Figure 3 shows the at)sort)ance for both o-BAQBA and BAQ with 
increasing cyanide concentrations. As the cyanide concentration increases the 
absorption band at 388 nm decreases while the band at 340 nm increases. We 
can see significant changes in both bands as the cyanide concentration is 
increased, Figure 3 Top. As expected the absorption spectrum of BAQ is 
unchanged by the addition of cyanide, confimnlng our expectations that the 
ttoronic acid moiety of BAQBA binds cyanide as depicted in Figure 2. and that 
BAQ does not. To the best of our Icnowledge, the boronic add group has not 
been reported to both bind and thus sense cyanide in this manner. All three 
BAQBA probes showed similar responses to (^anide. Subsequently, Figure 3 
Bottom, shows the absorption wavelength ratiometric plots tor all 3 BAQBA 
probes and BAQ based on the A^o/Asss nm bands. Interestingly, m-BAQBA 
shows a much stronger response, with a greater dynamic sensing range, as 
compared to the other two ortho- and meta- BAQBA probes. 

The fluorescence emission of the BAQBA probes shows similar 
wavelength ratiometric behavior, Figure 4 Top, where Xex = 358 nm, i.e. at the 
isobestic point As the cyanide concentration increases, we typically see a 
decrease in the 546 nm emission band and a subsequent increase in the 450 nm 
band, which is attributed to the emission of the cyanide bound complexed fbnm. 
This ratiometric response can also be seen visually, Figure 5, where ttie vial on 
the left contains no cyanide and the vial on the right contains only 10 ^M cyanide. 

■ 

This result strongly suggests the use of these BAQBA probes for cyanide 
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determination < 20 (iM, which is important for physiological detection and 
safeguard [1*10]. In contrast, BAQ shows very little change in fluorescence 
intensity, with no ratiometric behavior observed. 

We constructed the fluorescence emission wavelength ratiometric 
response, Figure 4 Bottom, all three BAQBA probes having a similar response to 
aqueous cyanide. By comparing Figures 3 and 4 bottom we can see that a 
greater change is observed for the ratiometric absorption measurements, 
reflecting the difference in extinction coefficients and quantum yields of the CN" 
unbound and bound forms respectively. Using equation 1 and the data in Figure 
4 Bottom, we were able to determine the cyanide binding constants for the ortho, 
meta and para boronic acid probes to be 0.12, 0.17 and 0.14 \M^, noting the 
units pM'^ or mof^ dm^ 

We additionally measured the lifetime/s of the probes in the absence and 
presence of cyanide, using the well-known time<x)n'elated single photon 
counting technique, TCSPC [16], to investigate the possibility of fluorescence 
lifetime ratiometric sensing, Figure 6 and Table I. 

BAQ was found to be monoexponential in Millipore water with a lifetime of 
» 2.49 ns, unperturbed by the addition of sodium cyanide, further strengthening 
our proposed cyanide binding mechanism as shown in Figure 2. This can be 
deariy seen in Figure 6 Top, where the addition of 20 NaCN does not perturi^ 
the intensity decay of BAQ. 

We measured the lifetimes of the two emission bands of the BAQBA 
probes separately, using both a 380 nm long pass filter and a 550 nm ± 10 
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interference filter. Table I shows that the lifetime/s of the emission band at 550 * 
nm is unaltered by aqueous NaCN, where both the mean and amplitude 
weighted lifetimes remain approximately constant However, when we detennine 
the lifetimes through a 380 long pass filter a short-lived component, < 400 ps, 
becomes evident at high CN* concentrations. Table I, evident as a third 
component in the intensity decay. This can be seen visually In Figure 6 Bottom 
and is in contrast to that observed for BAQ. We subsequently assign this short- 
lived component to the lifetime of the CN' bound complex form of the o-BAQBA. 
While this short lived species is measurable with our UV LED for excitation (fwhm 
« 1.1 ns). it's ps lifetime prevents its practical use for ratiometric lifetime sensing 
[16,17]. Similar results were found for all 3 BAQBA probes, with a longer lifetime 
component additionally observed for m-BAQBA. 

The affinity of boronic acid for diols is well known [21-23]. Subsequently 
we tested the response of the BAQBA probes towards glucose and fructose, and 
using equation 1 we were able to determine the binding constants for o- and m- 
to be 3.90 and 3.18 mM'^ for glucose, and 1.06 and 1.55 mM*^ for fructose (data 
not shown, and no data is available for p-BAQBA). Interestingly, the response for 
glucose was found to be higher than that for fmctose, but all were significantly 
lower than determined for cyanide. While it is difficult to make direct comparisons 
because of the units for both are different, the relatively higher affinity for the 
cyanide anion suggests that monosaccharides, such as glucose and fructose, 
would not interfere in cyanide measurements. Subsequently, we measured the 
absorption and emission wavelength ratiometric response in the presence of a 



10 



» 

constant background of 100 mM glucose or fructose. Figures 7 and 8 
resp^ively. Interestingly, the presence of the sugars did not interfere with the 
cyanide measurements, similar results bemg detennined for cyanide in both the 
absence Oust in water) and presence of either 100 mM glucose or fructose. The 
relatively higher binding affinity for species by m-BAQBA was not surprising, 
given similar reports for other mefa-positioned boronic acid groups on other 
fluorophores [24]. 

Finally, we tested the quenching of the BAQBA probes by aqueous 
chloride, which is known to quench some quinolinium fluorescence [25-27]. We 
detennined the Stem-Volmer Constants, Ksv [25], for o-. m- and p- BAQBA all to 
be « 1.0 M'\ in essence displaying only a very weak quenching [25]. This was 
surprising as many quinolinium type fluorophores have much more notable 
responses towards chloride and are therefore used as chloride probes [16,25]. 
Subsequently, we tested both the absorption and emisston wavelength 
ratiometric response of the BAQBA probes towards cyanide in the presence of a 
physiological-like cocktail of 50 mM glucose, 50 mM chloride and 5 mM fructose. 
Figures 9 and 10 respectively. Our results are most encouraging, and show that 
the response towards cyanide is maintained, and that these potential 
physiological interferences do not perturb the dynamic range for qranide sensing. 
Figures 9 and 10 Bottom. 
4.0 Conclusions 

We have characterized the response of 3 new boronic add containing 
fluorophores towards aqueous cyanide, and have shown that cyanide 
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oonoentrations less than 20 can readily be determined In both a ratiometric 
and coiorimetric manner. By characterizing a similar probe, BAQ, which is 
identical except that It does not contain the boronic acid group, we can rationale 
that cyanide readily binds to the boronic add moiety. In a similar manner to other 
anions [28]. 

The relatively higher binding constant for cyanide as compared to glucose 
and fructose, and the fact that chloride does not quench BAQBA florescence 
well, strongly suggests the use of these probes for physiological cyanide 

V 

detennination and safeguard. In addition, these new probes are readily water 
soluble, have high quantum yields (20], can be produced by a one-step synthesis 
[20] and are compatible with cheap UV LED and LD excitation sources or even 
ambient light for a coiorimetric type measurement, I.e. Figure 5. 

Acicnowledgements 

This worl( yNas supported by the National Center for Research Resources. 
RR-08119. Partial salary support to JRL from UMBI Is also gratefully 
acknowledged. 



12 




References 

* * • 

[I] M. H. Smit and A. E. G. Cass, Cyanide detection using a substrate- 
regenerating, peroxidase-based biosensor, Anal. Chem. 62 (1990) 2429-2438. 

[2] V. K. Rao, S. Suresh, R. NBSN and P. Rajaram, An electrochemical 
sensor for detection of hydrogen cyanide gas, Bull. Electrochem. 13(7) (1997) 
327-329. 

[3] J. Z. Lu, W. Qin, Z. J. Zhang. M. L. Feng and Y. J. Wang, A flow-injection 
t^ chemiluminescence-based sensor for cyanide, Anal. Chim. Acta 304(3) 

(1995) 369-373. 

[41 B. W. Ng. R. Lenigk, Y. L Wong, X. Z. Wu, N. T. Yu and R. Renneberg, 
Poisoning influence of cyanide on the catalytical oxygen reduction by cobalt (III) 
tetra(3-methoxy-4-hydroxyIphenyl) porphyrin modified electrode, J. Electro. 
Chem. Soc. 147(6) (2000) 2350-2354. 

[5] M. K. Freeman and L. G. Bachas, Fiberoptic probes for cyanide using 
metalloporphyrins and a conin, Anal. Chem. Acta. 214(1) (1990) 1 19-125. 

[6] H. D. Buschke, H. Kaden and U. Enselett, Ampercmetric Method for on- 
line cyanide detection, Fresenius Journal of Anal. Chem. 349(8-9) (1994) 597- 
602. 

[7] W. R. Presmasiri, R. H. Clarke. S. Londhe and M. E. Womble, 
Oetermrnation of cyanide in waste water by low-resolution surface enhanced 
Raman spectroscopy on sol-gel substrates, 32(11) (2001) 919-922. 

[8] D. L. Recalde-Ruiz, E. Andres-Garda and M. E. Diaz-Garcia, Continous 
fluorimetric flow sensor for cyanide detennination, Quimica Analitica, 18 (1999) 
111-113. 

[9] S. Licht, N. Myung and Y. Sun, A light addressable photoelectrochemical 
cyanide sensor. Anal. Chem. 68(6) (1996) 954-959. 

[10] P. M, Tessier. S, D. Christesen. K. K. Ong, E. M. Clemente, A M. Lenhoff. 
E. W. Kaler and O. D. Velev, On-line spectroscopic characterization of sodium 
cyanide with nanostructured gold surface-enhanced Raman spectroscopy 
substrates, Applied Spectroscopy. 58(12) (2002) 1524-1530. 

[II] C. G. Siontorou and D. P. Nikolelis, Cyanide ion minisensor based on 
methemoglobin incorporated in metal-supported self-assembled bilayer lipid 
membranes and modified with platelet-activating factor, Anal. Chim. Acta 355 (2- 

3) (1997) 227-234, 



13 



[12] K. Ikebukuro, M. Hondo, K. NakanishI, Y. Nomura, K. Yokoyama, Y. 
Yamauchi, I. Karube, Flow type cyanide sensor using an immobalised 
microorganism, Electroanalysis 8(10) (1996) 876-879. 

[13] Z. F-Kovacete. M. Miksaj and D. Salamon, Cyanide determination in fruit 
brandies by an amperometric biosensor with immobalised saocharomyoes 
cerevlsiae. European Food Res. Technol. 215(4) (2002) 347-352. 

[14] A. ishii, H. Seno. K. Watanabe-Suzuki, 0. Suzuki and T. Kumazawa, 
Determination of cyanide in whole blood by capillary gas chromatography with 
cryogenic oven trapping, Anal. Chem. 70(22) (1998) 4873-4876. 

[1 5] F. Moriva and Y. Hashimoto, Potential for em)r when assessing blood 
cyanide concentrations in fire victims. J. For. Sd. 46(6) (2001) 1421-1425. 

[16] J. R. Lakowicz, Principles of Fluorescence Spectroscopy, 2"^* Edition, 
Kluwer/Academic Plenum publishers. New York, 1997. 

[17] Z. Gryczynski, I. Gryczynski and J. R. Lakowicz. Fluorescence Sensing 
Methods. Methods in Enzymology 360 (2002) 44-75. 

[18] R. Y. Tsien, T. J. Rink and M. Poenie, Practical design criteria for a 
dynamic ratio imaging system, Cell Cateium 11(2-3) (1990) 93. 

[19] J. P. Y. Kao, Practical aspects of measuring Ca^"^ with fluorescent 
indicators. Method Cell Biol. 40 (1 994) 1 55-1 8 1 . 

[20] R. Badugu, J. R. Lakowicz and C. D. Geddes, High affinity, charge 
stabilized glucose probes. Organb Letts 2003 - Submitted. 

[21] N. Dicesare and J. R. Lakowicz, Spectral properties of fluorophores 
combining the boronic acid group with electron donor or withdrawing groups, 
Implication in the development of fluorescence probes for saccharides. J. Phys. 

Chem. A. 105 (2001) 6834-6840. 

[22] N. Dicesare and J. R. Lakowicz. Charge transfer fluorescent probes using 
boronic adds for monosaccharide signaling, J. Biomedteal Optics 7(4) (2002) 
538-545. 

[23] N. Dicesare and J. R. Lakowicz, Wavelength-ratiometric probes for 
saccharides based on donor-acceptor diphenytpolyenes, J. Photochem. 
Photobiol. A Chem. 143 (2001) 39-47. 

[24] N. DiCesare, D. P. Adhikari. J. J. Heynekamp, M. D, Heagy and J. R. 
Lakowicz, Spectroscopic and photophysical diaracterizatbn of fluorescent 



14 



chemosensors for monosaccharides based on N-phenylboronic acid derivatives 
of 1 ,8-Naphthalimide. J. Fluorescence 1 2(2) (2002) 1 47-1 54. 



[25] C. D. Geddes, Optical hallde sensing using fluorescence quenching: 
Theory, simulations and applications - A review. Meas. Sd. Technol. 12(9) 

(2001) R53-R88. 

[26] C. D. Geddes, P. Douglas, C. P. Moore. T. J. Wear and P. L. Egerton, 
Nevyr Indolium and Quinolinium dyes sensitive to aqueous halide ions at 
physiological concentrations, Jn. Heterocyclic Chem. 36(4) (1999) 949-951. 

[27] C. D. Geddes, J. Karolin, K Apperson and D. J. S. Birch. Chloride 
sensitive fluorescent indicators. Anal. Biochem. 293(1) (2001) 60-66. 

[28] N. Dicesare and J. R. Lakowicz, New sensitive and selective probes for 
fluoride using boronic adds, Anal. Biochem. 301 (2002) 111-118. 



1.5 




Figure L gends 

mm* 

Figure 1. - Molecular structure of ortho, meta and para-BAQBA probes and the 
control compound BAQ, which does not contain the boronic add moiety. 

Figure 2. - Equilibrium involved in the interaction between the boronic acid 
group and cyanide. 

Figure 3. - Absorption spectrum of both o-BAQBA and BAQ with increasing 
cyanide concentration, Top and ilAiddle respectively, and the respective 
wavelength ratiometric plots based on the A340/A388 nm bands, Bottom. 

Figure 4. - Fluorescence emission spectra of both o-BAQBA and BAQ with 
increasing cyanide concentration, Top and IMiddle respectively, and the 
respective wavelength ratiometric plots based on the 1450/1546 nm bands. Bottom. 

Figure 5. - Photograph of two vials containing equal concentrations of o- 
BAQBA and both 0 and 10 )iM NaCN. Left and Right respectively. Very similar 
findings were observed for all three boronic acid probes. 

Figure 6. - Intensity decays for BAQ and o-BAQBA in the absence and 
presence of aqueous cyanide, Top and Bottom respectively. RF - Instrumental 
response function, fwhm « 1 . 1 ns. Similar results were also obtained for m- and 
p-BAQBA 

Figure 7. - Absorption spectra of o-BAQBA with increasing cyanide 
concentrations, in the presence of 100 mM Glucose. Top, and the respective 
ratiometric plots (Pyu(J^va nn™ bands) for 0, m and p-BAQBA in the presence of 
either 100 mM glucose or fructose, for increasing cyanide concentrations. 
Bottom. 

Figure 8. - Emission spectra of o-BAQBA with increasing cyanide 
concentrations, in tiie presence of 100 mM Glucose, = 358 nm. Top, and the 
respective ratiometric plots (I450/I546 bands) for 0. m and p-BAQBA in the 
presence of either 100 mM glucose or fructose, for increasing cyanide 
concentrations, Bottom. 

Figure 9. - Absorption spedra of o-BAQBA with increasing cyanide 
concentrations, in the presence of 50 mM Glucose, 5 mM Fructose and 50 mM 
Chloride, Top, and the respective ratiometric plots {A340/A388 nm bands) for 0, m 
and p-BAQBA in tiie presence of the same physiological-like background cocktail 
with increasing cyanide concentrations. Bottom. 

Figure 10. - Emission spectra of o-BAQBA witii increasing cyanide 
concentrations, in the presence of 50 mM Glucose, 5 mM Fructose and 50 mM 
Chloride, Xo, = 358 nm, Top, and the respective ratiometric plots (l4S(/ls46 ni™ 
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bands) for o, m and p-BAQBA in the presence of the same physiologicaHike 
bad(ground cocktail, for increasing cyanide concentrations, Bottom. 
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Table 1 - Multiexponential Intensity decay of BAQ and o-BAQBA. 



[Cyanide] 
uM 


(ns) 


ai 


t2 

(ns) 


02 


X3 

(ns) 


03 




<t> 




BAQ 




















0 


2.48 


1 


- 


- 


- 


-■ 


2.48 


2.48 


1.10 


2 


2.48 


1 


- 


- 


- 


- 


2.48 


2.48 


1.02 


4 


2.49 


1 


- 


- 


- 


- 


2.49 


2.49 


1.19 


6 


2.49 


1 


- 


- 


- 


- 


2.49 


2.49 


1.32 


10 


2.49 


1 


- 


- 


- 


- 


2.49 


2.49 


1.18 


16 


2.49 


1 


- 


- 


- 


- 


2.49 


2.49 


1.28 


20 


2.47 


1 


- 




- 


- 


2.47 


2.47 


0.89 


O-BAQBA 




















(380 nm 




















0 


2.04 


0.71 


3.41 


0.29 


- 


- 


2.59 


2.44 


1.06 


2 


2.02 


0.68 


3.367 


0.32 


- 


- 


2.61 


2.45 


0.99 


4 


1.98 


0.67 


3.37 


0.33 


- 


- 


2.61 


2.44 


0.94 


6 


1.92 


0.62 


3.23 


0.38 


- 


- 


2.59 


2.42 


1.06 


8" 


1.65 


0.41 


2.98 


0.59 


- 


- 


2.60 


2.39 


1.53 


10* 


0.67 


0.19 


2.64 


0.81 


- 


- 


2.53 


2.27 


2.15 


12.5 


0.44 


0.22 


2.60 


0.78 


- 


- 


2.50 


2.12 


2.37 




0.21 


0.17 


2.07 


0.63 


3.99 


0.20 


2.76 


2.14 


1.08 


15 


0.38 


0.28 


2.61 


0.72 


- 


- 


2.49 


1.98 


2.18 




0.21 


0.23 


1.85 


0.44 


3.46 


0.32 


2.71 


1.97 


1.01 


20 


0.38 


0.30 


2.65 


0.70 


- 


- 


2.52 


1.97 


2.47 




0.19 


0.24 


1.69 


0.39 


3.36 


0.37 


2.72 


1.95 


1.12 






















(650 nm f 




















0 


1.99 


0.63 


3.19 


0.37 






2.57 


2.43 


0.99 


2 


1.93 


0.59 


3.15 


0.41 






2.58 


2.43 


0.98 


4 


2.04 


0.70 


3.39 


0.30 






2.60 


2.45 


1.07 


6 


1.87 


0.51 


2.97 


0.49 






2.53 


2.41 


1.10 


8 


1.86 


0.55 


3.14 


0.45 






2.60 


2.44 


1.01 


10 


1.75 


0.48 


3.10 


0.52 






2.63 


2.45 


1.17 


12.5 


1.85 


0.61 


3.48 


0.39 






2.74 


2.49 


1.03 


15 


1.32 


0.31 


2.93 


0.69 






2.66 


2.43 


1.25 


20 


1.19 


0.30 


2.97 


0.70 






2.71 


2.44 


0.92 



'380 nm long pass filter. "550 ± 10 nm interf^ence filter, '^No notable 
improvement in fit could be obtained using a 3-exp function. Similar values were 
also found for the meta- and pa/a-BAQBA probes. 
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Claims 



That which is claimed is: 



1 . A boronic acid containing fluorophore of the formula (I) 




(I) 

wherein R', and R^ is hydrogen and B(0H)2 with the proviso that the compound 
comprises one B(0H)2 group. 



2. The compound according to claim 1 wherein the B(0H)2 group is in the ortho 
position. 



3. The compound according to claim 1 wherein the B(0H)2 group is in the meta 
position. 

4. The compound according to claim 1 wherein the B(0H)2 group is in the para 
position. 

5. The compound according to claim 1 having an affinity for cyanide. 

6. The compound according to claim 5 having binding sites for three CN anion. 



7. A method of testing for low levels of cyanide, the method comprising 

contacting a biological fluid potentially comprising a cyanide compound with a 
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compound according to claim 1 to determine binding of a cyanide compound thereto. 

8. The method according to claim 7, wherein binding of the cyanide compound causes 
a change in fluorescence intensity. 

9. The method according to claim 8, wherein as the number of binding cyanide anions 
increases, the fluorescence intensity increases. 

10. The method according to claim 7, wherein cyanide concentration can be sensed at 
levels less than 20 uM. 

1 1. The method according to claim 8, wherein fluorescing is visible by use of a LED 
source. 

12. The method according to claim 7, wherein the biological fluid is blood. 

ft 

13. The method according to claim 7, wherein a colorimetric response is visible when 
cyanide binds to the compound of claim 1 . 

14. The method according to claim 7, wherein a wavelength shift occurs when cyanide 
binds to the compound of claim 1 . 
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Figure 1. - Molecular structure of ortho, meta and para-BAQBA probes and Uie control 
compound BAQ, whidi does not contain the boronic acid moiety. 





Figure 2. - Equilibrium involved in the interaction k)etween the t)oronic add group and 
cyanide. 
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Figure 3. - Absorption specAxim of both o-BAQBA and BAQ with increasing cyanide 
concentration, Top and Middle respectively, and the respective wavelength ratiometric plots 
based on the fi^^^ nm bands, Bottom. 
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Figure 4. - Fluorescence emission spectra of both o-BAQBA and BAQ VMth increasing cyanide 
concentration, Top and Middle respective, and the respective wavelength ratiometric plots 
t)ased on the 1450/1546 nm t>ands, Bottom. 
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Figure 6. - Intensity decays for BAQ and o-BAQBA in the absence and presence of aqueous 
cyanide. Top and Bottom respectively. RF - Instrumental response function, fwhm » 1.1 ns. 
Similar results were also obtained for m- and p-BAQBA 
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Figure 7. - Absorption spectra of o-BAQBA with increasing cyanide concentrations, in the 
presence of 100 mM Glucose, Top, and the respective ratiometric plots {Ay^JA^^ nm bands) 
for 0, m and p-BAQBA in the presence of either 1 00 mM glucose or frudose, for Increasing 
cyanide concentrations, Bottom. 
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Figure 8. - Emission spectra of o-BAQBA with increasing cyanide concentrations, In the 
presence of 100 mM Glucose, = 358 nm, Top, and the respective ratiometric plots 
{I45Q/I546 nm bands) for o, m and p-BAQBA in the presence of either 100 mM glucose or 
fructose, for increasing cyanide concentrations, Bottom. 
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Figure 9. - Absorption spectra of o-BAQBA with increasing cyanide concentrations, in the 
presence of 50 mM Glucose. 5 mM Fructose and 50 mM Chloride. Top, and the respective 
ratiometric plots {PiutJA^ss nm bands) for o, m and p-BAQBA in the presence of the same 
physiologicaNike background cocktail with inaeasing cyanide concentrations, Bottom. 
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Figure 10. - Emission spectra of o-BAQBA witii increasing cyanide concentrations, in the 
presence of 50 mM Glucose, 5 mM Fructose and 50 mM Chloride. X^^ = 358 nm, Top, and 
the respective ratiometric plots (I450/I546 nm l>ands) for o, m and /vBAQBA in the presence of 
the same physiologicaNike t)ackground cocktail, for increasing cyanide concentrations. 
Bottom. 
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Abstract 

We characterize 3 new fluorescent probes that show both spectral shifts 
and intensity changes in the presence of aqueous cyanide, allowing for both 
excitation and fluorescence emission wavelength ratiometric and colorimetric 
sensing. The relatively high binding constants of the probes for cyanide, enables 
a distinct colorimetric change to be visually observed with as little as 10 
cyanide. 

The response of the new probes is based on the ability of the boronic add 
group to interact with the CN' anion, changing from the neutral form of the 
boronic acid group R-B(0H)2 to the anionic R-B(CN")3 form, which is an electron 
donating group. The presence of an electron defident quaternary heterocydic 
nitrogen center and a strong electron donating amino group in the 6-position on 
the quinolintum backbone, provides for the spectral changes observed upon CN' 
complexation. We have determined the binding constants for the ottho, meta 
and para boronic add probes to be 0.12, 0.17 and 0.14 ^M"^. In addition we have 
synthesized a control compound, which does not contain the boronic add moiety, 
allowing for structural comparisons and a rationale for the sensing mechanism to 
be rnade. 

Finally we show that the affinity for monosaccharides, such as glucose or 
fiaictose, is relatively low as compared to cyanide, enabling the potential 
detection of cyanide in physiologies up to lethal levels. 

Keywords: Ratiometric cyanide probes, Colorimetric response, Boronic add. 
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